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The Accuracy of Cardiovascular
Computed Tomography
in the Presence of a High
Coronary Calcium Score
May Be Underestimated
The excellent paper by Arbab-Zadeh et al. (1) highlights the issues
surrounding imaging coronary artery disease in the presence of a
high calcium score; however, we are concerned that the outcome,
at least in part, may result from statistical artifact.
First, the negative predictive value of cardiac computed tomog-
raphy in the setting of a calcium score 600 was based on a
subgroup of only 8 patients, with error margins far too large to
draw robust conclusions.
Second, although it is implicitly assumed that measurement by
invasive coronary angiography is both perfectly accurate and
immutable, neither assumption is correct. The reproducibility of
angiographic coronary stenosis measurement has a standard devi-
ation of approximately 13% (2), whereas comparison with intra-
vascular ultrasound results in a standard error of up to 26% (3).
Failure to account for imperfections in the reference standard may
result in significant error in the assessed accuracy of a comparator
test (4). Even minor errors in the reference standard are greatly
magnified when a high disease prevalence (5) or multiple lesions
near the positive threshold value are observed. Consistent with this
effect, computed tomography coronary angiography in patients
with high calcium and patients with known coronary artery disease
(prevalence 88% and 84%, respectively) had poor negative predic-
tive values. If intravascular ultrasound were similarly compared
with an imperfect quantitative coronary angiography reference in a
population with an average of 2 coronary segments within the 40%
to 50% stenosis range, the negative predictive value would be falsely
estimated to be50%. It would be incorrect to claim on this basis that
ntravascular ultrasound is inaccurate in populations with a high
isease prevalence. Equally, estimates of the accuracy of computed
omography coronary angiography in comparison with unadjusted
uantitative angiography should be treated with great caution.
ames Otton, MBBS, MBiomedE
ichael Feneley, MD
eville Sammel, MB, BCh
Jane McCrohon, MBBS, PhD
Cardiology Department
t. Vincent’s Hospital
arlinghurst Sydney 2010
ustralia
-mail: jmccrohon@stvincents.com.au
http://dx.doi.org/10.1016/j.jacc.2012.02.076
EFERENCES1. Arbab-Zadeh A, Miller JM, Rochitte CE, et al. Diagnostic accuracy
of computed tomography coronary angiography according to pre-testprobability of coronary artery disease and severity of coronary arterial
calcification. The CORE-64 (Coronary Artery Evaluation Using 64-Row
Multidetector Computed Tomography Angiography) International
Multicenter Study. J Am Coll Cardiol 2012;59:379–87.
. Steigen TK, Claudio C, Abbott D, et al. Angiographic core laboratory
reproducibility analyses: implications for planning clinical trials using
coronary angiography and left ventriculography end-points. Int J Car-
diovasc Imaging 2008;24:453–62.
. Bourantas CV, Tweddel AC, Papafaklis MI, et al. Comparison of
quantitative coronary angiography with intracoronary ultrasound. Can
quantitative coronary angiography accurately estimate the severity of a
luminal stenosis? Angiology 2009;60:169–79.
. Staquet M, Rozencweig M, Lee YJ, Muggia FM. Methodology for the
assessment of new dichotomous diagnostic tests. J Chronic Dis 1981;
34:599–610.
. Biesheuvel C, Irwig L, Bossuyt P. Observed differences in diagnostic
test accuracy between patient subgroups: is it real or due to reference
standard misclassification? Clin Chem 2007;53:1725–9.
Reply
We thank Dr. Otton and colleagues for their interest in our paper
(1) and their insightful comments. We agree with Dr. Otton and
colleagues that the poor negative predictive value in the group of
patients with a calcium score of 600 was driven by the fact that
only 8 patients did not have obstructive coronary artery disease.
However, we believe this is not a “statistical artifact” but the
expected result in a patient population with high pre-test proba-
bility of disease. According to Bayes’ theorem, post-test probability
of no disease with a negative test result is low with high pre-test
probability of disease. It was an important objective of our study to
demonstrate this very effect in a large cohort of patients with different
pre-test probabilities of disease.
We agree with Dr. Otton and colleagues in regard to the
limitations of conventional angiography as the gold standard
(2). We also agree that intravascular ultrasound would be a
more appropriate gold standard for the assessment of coronary
arterial lumen obstruction. Unfortunately, conventional angiog-
raphy is still being regarded as the reference standard for clinical
and research purposes, and we adhered to this standard for this
study. Equal or improved patient outcome based on computed
tomography coronary artery assessment in comparison with
conventional angiography will eventually lead to accepting
computed tomography angiography as a valid alternative to
conventional angiography.
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